Path and correlation analysis were executed to investigate the relationships between grain yield and other important yield components in bread wheat (Triticum aestivum L.) genotypes during two years (2009)(2010)(2011) under supplemental irrigation and dryland conditions. Field experiments were performed in a randomized complete block design with four replications. Grain yield showed positive correlation with plant height and test weight under supplemental irrigation condition. The similar results were also revealed between grain yield and plant height, spike length, days to maturity, agronomic score and test weight in dryland environment. The grain yield of bread wheat in dryland condition depended on the effect of plant height, days to maturity, agronomic score and 1000 kernel weight, whereas in supplemental irrigation was mainly related to plant height, spike length, 1000 kernel weight and test weight. The influence of 1000 kernel weight on grain yield in both environments seems to cause from the fact that grain yield in wheat is frequently the sink limited, and for this reason, the 1000 kernel weight has been reported as a promising trait for increasing grain yield in wheat under different conditions. The nearly equal value of correlation and path coefficients of plant height and grain yield showed plant height had positive and direct effect on grain yield, in both conditions and suggesting a criteria trait for improving of grain yield. The results showed that genotype 12 (CS/TH.SC//3*PVN/3/MIRLO/BUC/4/MILAN/5/ TILHI) is a high yielding potential genotype in moisture limited conditions.
Introduction
Bread wheat (Triticum aestivum L.) is an important food crop, which its harvested area and production is unfavorably affected by drought in major parts of the world. In most cases, yield is the target of the breeding program and "the great integrator" of genetics and environment. The final expression of yield under drought stress is a complex integration of constitutive plant traits and stress-responsive processes which depend on stress intensity, duration and timing with respect to growth stage. The measurement of yield components may provide additional insight into the expression of drought resistance in terms of productivity (Blum, 2011) . The tolerance of crops to drought is the ability to growth and production under water deficit conditions. Severe water deficit can lead to dying or decrease of crop yield. However due to water deficit in most arid regions, crop plants resistance against drought has always been of great importance and has taken into account as one of the breeding factors (Khayatneghad et al., 2010) . Irrigation could increase crop yield , while it decreased water use efficiency .
Correlation and path analysis could be help to introduce better traits for grain yield and determine the best parents for breeding programs.
Some of researchers indicated that the positive correlation between grain yield and yield component traits in wheat such as harvest index (Ghaderi et al., 2009) , biological yield (Ghaderi et al., 2009; Kandic et al., 2009) , number of spike per square meter (Leilah and Al-Khateeb, 2005) , plant height (Leilah and Al-Khateeb, 2005) , grains per spike (Khan et al., 2010) and 1000 kernel weight (Leilah and Al-Khateeb, 2005) .
Selections based on simple correlation coefficients without regarding to interactions among yield and yield components may mislead the breeders to reach their main breeding purposes (Garcı´a del Moral et al., 2003) . Path coefficient analysis measures the inter-association among yield components for their direct and indirect effects on grain yield (Singh and Chaudhary, 1979) . The investigation of direct and indirect effects of various characters on yield has major importance to increase the yielding capacity of bread wheat. stressed (supplemental irrigation). The experiment in each environment was laid out in a randomized complete block design (RCBD) with four replications at Gachsaran Dryland Agricultural Research Station (Southwest of Iran) during season of 2009-2010 and 2010-2011 . The size of plot was 1.05 m × 6 m rows with 17.5 cm row spacing. All recommended agronomic practices were followed to raise good crop depend on each condition. Supplemental irrigation was carried out in two times (pollination and grain filling periods) with 30 millimeter at each time by sprinkler irrigation method in addition to 412 and 417 millimeter rainfall in the first and second years respectively which was occurred during crop cycle growth. The following statistical model was adopted for experimental design:
where, µ: general mean; E i : effect of i th environment (i = 1, 2); R(E) j(i) : effect of j th block within the i th environment (j = 1, 2, 3); G k : effect of k th genotype (I = 1, 2,…10); GE ik : effect of the interaction of the k th genotype with the i th environment; e ijk : experimental Error. Considered traits including grain yield (GY), early growth vigor (EGV), days to heading (DH), plant height (PH), spike length (SL), days to physiological maturity (DPM), agronomic score (AS), test weight (hectoliter) (TW), 1000 kernel weight (TKW) were studied under both conditions in every years.
Statistical analysis
The analysis of variance was conducted (year, random; rep and genotype, fixed) by Minitab (Ver 15.0) and correlation coefficients between each pairs of the traits computed by SPSS (Ver. 17.0). In path analysis, grain yield used as dependent variable, and the other studied traits were use as predictor variables. The main data collected from each water availability regime over years were separately analyzed for study relationships between grain yield and the studied traits. Path coefficient analysis was performed to Path analysis procedure was used by number of researchers in wheat. Mollasadeghi et al. (2011) indicated that number of grain per spike, grain weight, 1000 kernel weight and biological yield had the most direct and positive effect on grain yield. Shamsi et al. (2011) showed that the most important yield component on grain yield is number of grains per spike followed by number of spikes per unit area and 1000 kernel weight. Zakizadeh et al. (2010) revealed that the biological yield, grain weights per spike and number of spikes per . Nonetheless, had highest direct effects on grain yield. Leilah and Al-Khateeb (2005) showed that biological yield and harvest index had high positive direct effects on grain yield per area and the highest indirect effects were observed with weight of grains per spike, number of spikes per m 2 and 100-grain weight. Taheri et al. (2011) indicated a positive and significant correlation between stress tolerance index with grain yield, biomass and harvest index under normal conditions. In stress conditions, there was a positive and significant correlation between stress tolerance index and awn length, spike length and plant height. Their results of path analysis indicated in all of moisture conditions, the biggest direct effect on stress tolerance index was related to grain yield. Kandic et al. (2009) indicated early vigor, early maturity and leaf senescence were found to be suitable for wheat breeding under different moisture regimes.
The main objectives of this research are determining direct and indirect effects of some morphological and yield components traits on grain yield and estimating correlation coefficients between grain yield and the other studied traits in bread wheat genotypes.
Materials and methods

Field experiments
Eighteen bread wheat genotypes (Tab. 1) were grown under two environments viz, stressed (dryland) and mid- Moral et al., 2003) . Similar definitions apply to all of the causal effect relations.
Results
The results indicated that there were significant differences between the years for grain yield (p = 0.05), plant height, days to heading and spike length (p = 0.01) under dryland condition (Tab. 2). These results also indicated year effect were significant for grain yield, days to heading, plant height, days to maturity, agronomic score and 1000 kernel weight in supplemental irrigation condition (Tab. 3). There was a significant difference between wheat genotypes for grain yield under supplemental irrigation conditions, indicating genetic diversity between genotypes.
Correlations
Correlations coefficients between studied traits under two water availability conditions were presented in Tab. 4. Grain yield showed that positive and significant correlation with PH (0.491) and TW (0.392) under supplemental irrigation condition. The significant positive correlations were also revealed between grain yield and PH (0.610), SL (0.373), DPM (0.269), AS (0.257) and TW (0.273) in dryland condition. The significant negative correlations were indicated between grain yield and DH, DPM, AS, and TKW in supplemental irrigation condition and between grain yield and EGV and DH under dryland condition. Plant height revealed significant positive correlations to EGV (in supplemental irrigation condition) and SL, DPM and TW (in dryland condition). The other significant positive correlations were observed between DH/ DPM, DH/AS, DH/TKW, SL/TKW, DPM/TKW and AS/TKW in supplemental irrigation condition. The significant positive correlations were also revealed between DH/TKW, SL/DPM, SL/AS, DPM/TKW and AS/TW in dryland condition.
Path analysis
Early growth vigor vs grain yield: Early growth vigor showed positive direct effect (0.113) on grain yield in supplemental irrigation condition. It has positive indirect effect through PH (0.076) while negative indirect effect via the other traits (Tab. 5). The direct effect of EGV on grain yield was negative in dryland condition (-0.053). This trait had positive indirect effect on grain yield via SL and TW, but the indirect effects of EGV on grain yield were negative via the other traits (Tab. 6).
Days to heading vs grain yield: Days to heading had negative direct effect (-0.180) on grain yield under supplemental irrigation condition. Similar negative values were achieved from indirect effects of through PH, DPM, AS and TW; whereas, the other traits had positive indirect effects on grain yield (Tab. 5). The direct effect of DH was also negative on grain yield in dryland condition. The indirect effect of days to heading on grain yield by EGV GY: grain yield; EGV: early growth vigor; DH: days to heading; PH: plant height; SL: spike length; DPM: days to physiological maturity; AS: agronomic score; agronomic score; TW: test weight (hectoliter); TKW: 1000 kernel weight; *significant at the 0.05 probability level, **significant at the 0.01 probability level and PH were also negative in this condition. The indirect effects of DH on grain yield via the other traits were positive (Tab. 6). Plant height vs grain yield: Plant height showed positive direct effect on grain yield under two conditions (0.337 and 0.474, respectively). It has also positive indirect effect through EGV, DH, DPM, AS (Tab. 5 and 6).
Spike length vs grain yield: Spike length had positive (0.045) and negative (-0.239) direct effect on grain yield under supplemental irrigation and dryland conditions, respectively. Spike length had negative indirect effect on grain yield via the all of studied traits except of TKW in supplemental irrigation condition. Indirect effects of spike length via TKW and TW were observed showing -0.032 and -0.001 values respectively. However, the other traits had positive indirect effects in dryland condition (Tab. 6).
Days to maturity vs grain yield: The direct effect of days to maturity was negative (-0.038) in supplemental irrigation condition. The indirect effects of DPM via DH, PH, AS and TW were also negative on grain yield; while EGV, SL and TKW had positive indirect effect on grain yield (Tab. 5). Days to maturity had positive direct effect (0.211) on grain yield under dryland condition. Similar positive values were obtained from indirect effects through Tab. 4 
=0.67
Path coefficient analysis revealed that grain yield of bread wheat in dryland condition depended on the effect of plant height, days to maturity, agronomic score and 1000 kernel weight, whereas in supplemental irrigation condition was mainly related to plant height, spike length, 1000 kernel weight and test weight. This result was in agreement with the report of Aydin et al. (2010) that indicated plant height had the greatest direct effect on grain yield and suggested that plant height and test weight are primary selection criteria for improving grain yield in wheat in high and low rainfall conditions. This result was also similar to research of Ahmadizadeh et al. (2011) that showed spike length had more direct positive effects on grain yield. Sen and Toms (2007) also revealed that 1000 weight showed a direct effect on wheat grain yield. Gulmezoglu et al. (2010) revealed that grain yield of wheat depended on plant height, length of spike and spike weight. Shamsi et al. (2011) also showed that the most important yield component on grain yield was 1000 grain weight. The influence of 1000 kernel weight on grain yield in two irrigation conditions seems to cause from the fact that grains yield in wheat is frequently the sink limited (Fischer, 1985) , and for this reason, the 1000 kernel weight has been reported as a promising trait in increasing grain yield in wheat in irrigated and dryland conditions. The potential wheat grain yields at filling stage are dependent to limitation of sink and enlarging sink capacity can be caused grain yield increasing.
The direct effect of 1000 kernel weight on grain yield was positive under supplemental irrigation condition, while the correlation coefficient between these two traits was negative. This is resulting from negative indirect effects of TKW on grain yield via EGV, DH, PH, DPM and AS. The correlation coefficient between grain yield and PH and TW (in irrigated) and PH, DPM and AS (in dryland) is nearly equal to its direct effect. Singh and Chaudhary (1979) suggested that if the correlation coefficient between a causal factor and the effect is almost equal to its direct effect, then correlation explains the true relationship and direct selection through this trait will be effective. Therefore, these traits could be used as selection criteria for improving wheat grain yield in two conditions. In the other hand, plant height had positively and directly influenced grain yield, in two conditions and suggesting a criteria trait for improving of grain yield under irrigated and dryland situation. The results showed that genotype 12 (CS/TH.SC//3*PVN/3/MIRLO/BUC/4/ MILAN/5/TILHI) is high yielding potential genotype in moisture limited conditions, and related with low plant height (63.73), intermediate days to maturity (123) and agronomic score (3.81). Correlation analysis was separately estimated for this genotype and indicated high correlation coefficient between grain yield and days to maturity (0.70) and agronomic score (0.74) (the data were not shown). The direct effect of spike length on grain yield was negative in dryland condition and positive in supplemen-EGV, PH and TKW; whereas, DH, SL, AS and TW had negative indirect effects on grain yield (Tab. 6).
Agronomic score vs grain yield: Agronomic score had negative direct effect on grain yield in supplemental irrigation condition. The indirect effects of DH, PH, DPM and TW were also negative on response variable (Tab. 5). Agronomic score had positive direct affect (0.333) on grain yield in dryland condition. Similar positive values were obtained from the indirect effects by EGV, PH and TKW. Agronomic score had negative indirect effect on grain yield via DH, SL, DPM and TW (Tab. 6).
Thousand kernel weight vs grain yield: Positive direct effects of 1000 kernel weight on grain yield were indicated in both environments. The positive indirect effect of TKW on grain yield via SL and TW were indicated in supplemental irrigation condition (Tab. 5); whereas the positive indirect effects of TKW on grain yield revealed by EGV, SL, DPM and AS in dryland condition (Tab. 6). The indirect effects of TKW on grain yield via the other traits were negative in two conditions.
Test weight (hectoliter) vs grain yield: Test weight had positive direct effect (0.345) on grain yield under supplemental irrigation condition (Tab. 5). The indirect effects of TW on grain yield were positive through DH, DPM, AS and TKW, while indirect effects of TW through the other traits were negative in this condition. The direct effect of TW on grain yield and its indirect effect via SL were negative in dryland condition, but the indirect effects of TW via the other traits were negative in this situation (Tab. 6).
Discussions
In this research, the positive and significant correlation was observed between grain yield and plant height and test weight (hectoliter) under supplemental irrigation condition. The grain yield, a major selection criterion versus drought stress, is a complex trait that determined by several physiological, biochemical and metabolic plant processes and its genetics and associations are greatly ambiguous (Ali et al., 2011) . The traits such as plant height, spike length, days to heading, AS and test weight (hectoliter) had significant and positive correlation coefficients with grain yield in dryland condition, indicating its importance for selection with drought tolerance and higher yields. This finding is in agreement with the findings of Leilah and Al-Khateeb (2005) . Dogan (2009) also indicated positive and significant correlations between grain yield and test weight. Dagustu (2008) indicated significant and positive correlations between grain yield and spike length. According to the results of correlation coefficients, suggesting to increase grain yield under dryland condition, the more focus should be on morphological traits such as plant height and spike length which have a high correlation with grain yield and also should utilize them in drought resistance breeding programs. tal irrigation condition. The comparison of these results revealed that stress condition leads to less balance between the sink and the source.
Conclusions
The results of correlation and path analysis in this work revealed nearly parallel results for interrelationships among various traits. Correlation and path analysis concluded that plant height, spike length and test weight could be the reliable and potential selection criteria among the yield related traits in supplemental irrigation condition, while plant height, days to maturity, agronomic score and 1000 kernel weight under dryland condition could be reliable morpho-physiological traits for drought tolerance and obtaining a high potential yielding in dryland condition. Breeding to increase the potential yield of wheat crops in water limited condition is influenced by PH, DPM, AS and TKW and could be used genotype 12(CS/TH.SC// 3*PVN/3/MIRLO/BUC/4/MILAN/5/TILHI) as a breeding material for increasing grain yield in drought condition.
